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Abstract
Gibel carp (Carassius gibelio Bloch, 1782) is regarded as a pest species in most aquatic ecosys-
tems where it occurs and eradication methods have not been very promising. However, because
of the close taxonomical proximity between gibel carp and cultured cyprinids, the pituitary of
gibel carps could be exploited for hormonal induction of artificial propagation in aquaculture.
Thirty-two mature female gibel carps were electrofished in Lake Pamvotis (northwest Greece) in
March 2005 and their pituitaries were collected and processed. The carp luteinizing hormone
(cLH) levels in 20 pituitaries were assayed and found to correlate with total body weight, total
length, dry pituitary weight, and gonadosomatic index. The cLH levels were in the same range
as cLH levels in pituitaries of common carp (Cyprinus carpio Linnaeus, 1758) used in Israeli
hatcheries for artificial propagation. Hence, it may be possible to use gibel carp pituitaries for
hormonal induction in cyprinids, with total weight of the gibel carp as a field criterion for select-
ing pituitary donors. 
Introduction
Carps represent 52% of the total fishery pro-
duction of the world’s inland waters, making
them by far the largest group of cultured
aquatic organisms. More than 26 cyprinid
species have been cultured with the Chinese
carps, common carp, and major Indian carps
dominating global culture. In Greece, aqua-
culture production of carps is still quite low
and in 2004 reached only 1220 tons plus
about 1 million common carp and grass carp
fry produced in two hatcheries and used main-
ly to stock lakes (Paschos, 2004).
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Reproduction in fish depends on the coor-
dinated actions of hormones along the brain-
hypothalamus-pituitary-gonad axis with gona-
dotropins, follicle stimulating hormone (FSH,
formerly GtH-I), and luteinizing hormone (LH,
formerly GtH-II) occupying major roles (Yaron
et al., 2003). Gonadotropins are produced in
distinct pituitary cells. According to the
salmonids model, synthesis and release of
gonadotropins vary throughout the reproduc-
tive cycle. Early in the cycle, a high FSH level
stimulates the first stages of gametogenesis
and steroidogenesis while LH is undetectable.
Towards spawning, FSH decreases while LH
increases, especially just before final oocyte
maturation and ovulation (Gomez et al., 1999;
Swanson et al., 2003). 
In culture systems, hormonal induction is
used to complete the final stages of oocyte
maturation and ovulation and to synchronize
the release of spawn, processes which are
not successfully completed in captivity
(Mylonas and Zohar, 2000). The use of pitu-
itaries in the artificial reproduction of carp is
common throughout the world (Yaron, 1995).
Pituitary extracts with high levels of LH can be
administrated intramuscularly or intraperi-
toneally. These are commercially available
preparations containing whole acetone-dried
glands or pulverized glands (Zohar, 1988). So
far, the use of common carp pituitaries has
produced positive results in many freshwater
species (Zohar, 1989; Horvath et al., 2002).
However, the need to decapitate mature
donor fish to obtain the pituitary increases the
cost of these commercial preparations to
US$199-432 per gram. The use of pituitaries
from mass-collected pest species, such as the
gibel carp, could dramatically reduce the cost.
The gibel carp (Carassius gibelio) has accli-
mated and spread to many aquatic systems in
Greece where they can be found in great num-
bers (Economidis et al., 2000). In some loca-
tions, such as Lake Pamvotis, it has displaced
native species (Paschos et al., 2004). Since the
gibel carp is regarded as a pest and is not a
target species for fishermen, it could be exploit-
ed as a pituitary donor. The efficiency of a pitu-
itary depends on the taxonomic distance
between the donor and the recipient species
(Zohar and Mylonas, 2001). Thus, the pituitary
of the gibel might be compatible to that of other
cyprinids. Despite the currently low demand
from Greek hatcheries, development of a
method for collecting pituitaries from gibel carp
could be an important item for the international
industry and, in time, generate interest in grow-
ing carps for the domestic market.
The aims of the present study were (a) to
determine the LH level in the pituitary of sex-
ually mature gibel carps and (b) to study the
correlation between LH level, dry pituitary
weight, total length, total weight, and GSI, to
assist in developing a method for selecting
pituitary donors. 
Materials and Methods
In order to obtain fish with the highest possible
LH contents, mature female gibel carps were
collected from the southeastern part of Lake
Pamvotis at the beginning of the reproductive
season (late March 2005) just before spawn-
ing, as they approached spawning grounds.
The sexually mature females (n = 32) were
captured with a backpack electrofishing device
(Hans Grassl IG 200/1), transferred to the
Freshwater Aquaculture Laboratory of the
Department of Aquaculture and Fisheries at
the Technological Educational Institute in
Epirus, and killed with a high dose of anes-
thetic (MS-222). 
Total weight, total length, and gonad
weight were measured and the gonadosomat-
ic index (GSI) was calculated as GSI =
100(gonad wt/total wt). The fish were decapi-
tated, the brain was exposed, and the pitu-
itaries were detached from the skull with ster-
ilized forceps. The pituitaries were placed in
acetone (15:1 v/v) in Eppendorf vials. The ace-
tone was renewed one and ten hours after col-
lection according to Lutz (2001). After 14 more
hours in acetone (24 h total), the pituitaries
were left to dry at room temperature, weighed
on a precision balance (Metter Toledo AB54),
and stored in airtight sterilized vials. 
Carp luteinizing hormone (cLH) levels were
determined in 20 pituitaries by homologous
competitive ELISA based on the method
described by Mananos et al. (1997) for striped
bass and Aizen et al. (2007) for tilapia. The
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ELISA was based on cLH for the standard
curve and specific polyclonal antibodies against
cLHβ subunit (Levavi-Zermonsky and Yaron,
1986). Pituitary samples were homogenized by
sonication in ELISA buffer (10 mM Na2PO4, 2
mM KH2PO4 [pH 7.4], 140 mM NaCl, 3 mM
KCl, 0.05% Tween 20) and diluted according to
the concentration of the sample. Parallelism
was used to compare cLH, Israeli carp pituitary
extract (CPE), and gibel carp pituitary, using
the standard curve of cLH, CPE prepared
according to Yaron et al. (1984), and gibel carp
no. 9 (pituitary wt = 0.0026 g, total wt = 849 g,
total length = 36 cm). We used analysis of
covariance (http://home.ubalt.edu/ntsbarsh/
Business-stat/otherapplets/ANOCOV.htm) to
test for parallelism between regression lines.
The intra and inter-assay CV were 7.2 and
14.8, respectively, and the sensitivity of the
assay was 0.65 ng/ml.
Results 
The mean total weight, total length, and GSI
of the fish (n = 32) were 697.3±38.1 g,
33.7±0.7 cm, and 11.4±0.6%, respectively.
The mean pituitary dry weight was 1.9±0.1 mg
(n = 32). The mean dry weight of the 20 pitu-
itaries tested for cLH was 2.2±0.1 mg and the
cLH level in these fish ranged 429.9-871.2 µg
(mean 591.8±22.07 µg).
In the parallelism test, the slope of the dis-
placement curve obtained with CPE (-0.218±
0.060) did not significantly differ from that
obtained with gibel carp no. 9 (-0.188±0.094),
indicating that both pituitary extracts contain a
substance, probably cLH, that has an affinity
to the antisera against cLHβ (Fig. 1).
Pituitary dry weight and cLH levels corre-
lated better with total weight and total length
than with GSI (Table 1, Figs. 2,3). The pituitary
dry weight correlated well with the cLH level
(Fig. 4). The negative correlations between
cLH content and total weight, total length, and
pituitary weight were statistically significant.
Discussion
Pituitaries of Israeli carp contain around 350
µg cLH per kg fish (Yaron et al., 1984; Levavi-
Zermonsky and Yaron, 1986). Spawning in
carp is induced by two injections: the first
(primer) containing 70 µg cLH (equal to 20%
of a pituitary) and the second 350 µg cLH
(equal to one pituitary) per kg fish (Levavi-
Zermonsky and Yaron, 1986). Pituitaries of
gibel carp contain 591.8±22.07 µg/pituitary.
Therefore, besides the immunological similar-
ity between gibel carp pituitaries and standard
carp cLH, the gibel carp pituitary contains a
greater amount of cLH. This could be decisive
when used for carp hypophysation as the
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Fig. 1. Parallelism between the standard curve
of carp luteinizing hormone (cLH), serially diluted
concentrations of carp pituitary extract (CPE) of fish
collected in Israel, and the pituitary of gibel carp no.
9 collected in Greece.
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Gibel no. 9
Pituitary wt cLH content
(n = 32) (n = 20)
r p r p
Total fish wt 0.75 <0.001 0.57 <0.01 
Total fish length 0.68 <0.001 0.34 >0.05  
GSI 0.11 >0.05 0.09 >0.05  
Pituitary wt   0.47 <0.05
Table 1. Correlation between pituitary dry
weight, pituitary cLH level, total fish weight,
total fish length, and gonadosomatic index
(GSI) .
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amount in a single pituitary of gibel carp is
more than sufficient to induce spawning in a
one kilogram carp (Yaron et al., 1984).
Total weight more strongly correlated to
the pituitary dry weight and LH level than total
length. Therefore, total weight can be used to
select fish with potentially high hormone levels
and fishermen can easily collect donors by dis-
carding fish under 500 g. The overall cost for
such collection is low and requires moderate
expertise. Gibel carp can be collected in mass
with fyke net traps or electrofishing in shallow
waters and the cost of the fish is negligible.
The costs of extracting and processing the
gland, i.e., chemicals (acetone) and glassware
(Eppendorf vials), are the same for gibel carp
as for common carp. Accordingly, the differ-
ence in overall cost is mostly dependent on the
capture per unit effort (CPUE) of the fishing
method and the scale of the fishing operation.
Gibel carps could be exploited as a source of
income for local fishermen or by hatcheries
that want to reduce operational costs. 
Fully mature females, just prior to spawn-
ing, were captured at the beginning of the
reproductive period when the cLH level was
expected to be the highest (Yaron et al., 1984;
Yaron and Levavi-Zermonsky, 1986; Tyler
and Sumpter, 1996). However, GSI cannot be
used as a selection criterion as it did not cor-
respond well with the LH level. Hormone con-
tents should be analyzed in other seasons of
the year to determine the best season for har-
vesting gibel carp pituitaries. Sampling should
start when the water temperature reaches a
minimum of 12-14ºC. At this point, mature or
nearly mature gibel carps approach shallow
spawning grounds (Paschos et al., 2001). 
As the ultimate test of the efficiency of
using gibel carp pituitaries to induce spawning
in cultured cyprinids is the success in artificial
reproduction, the use of gibel carp pituitaries
should be thoroughly evaluated. As a cyprinid,
gibel carp is taxonomically close to other
cyprinids and it is possible that this will
increase compatibility. Further research is
required to validate its biological potency in
carp spawning.
An additional benefit is that the intensive
fishing of mature gibel carps, together with
Pituitary collection from gibel carp
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Fig. 2. Correlation between pituitary dry weight
(n = 32) and (a) total fish weight, (b) total fish length,
and (c) gonadosomatic index (GSI).
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population restocking and habitat restoration,
may help balance ecosystems in favor of
endemic fish (Perdikaris et al., 2005). 
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